Introduction
Much of our information on regulation of reproduction by environmental factors comes from work on seasonally breeding animals residing within the northern temperate zone. In these animals, photoperiod is the most commonly used (and investigated) external cue for synchronizing repro¬ duction to the optimal time of year (Turek & Campbell, 1979) . However, most species of mammals inhabit tropical regions and yet there is little information on the reproductive biology of these animals (Bronson, 1985) . Unlike animals residing in the temperate zone, those living in the tropics are not subject to large seasonal swings in photoperiod or temperature, although many tropical animals are exposed to changes in other external factors such as rainfall and food availability. Therefore, as with seasonal breeders, it is also important for tropical animals to initiate breeding at times when reproductive success will be maximized.
The work presented in this paper concerns environmental regulation of reproduction in the male musk shrew (Suncus murinus), an insectivore which inhabits tropical and subtropical regions throughout Asia. Although this species breeds opportunistically and pregnant females and fertile males can be found throughout the year (Harrison, 1955; Barbehenn, 1962; Louch, 1966; Beg et al., 1986) , small seasonal peaks in reproductive activity have been documented in some locations. For instance, peak reproductive activity in Malaya occurs in the autumn (Harrison, 1955) , while peak breeding activity in Guam and Pakistan occurs in the spring-summer (Barbehenn, 1962; Beg et ai, 1986) . Rissman et al. (1987) showed that exposure to a short photoperiod inhibited reproductive function in juvenile male musk shrews, while the presence of an adult female stimulated sexual maturation in the male musk shrew (Rissman et ai, 1990) . Our primary aim in the present exper¬ iments was to investigate the effects of photoperiod and social cues presented simultaneously on sexual maturation in the male musk shrew. We also investigated the effects of these cues on reproduction in adult males.
Materials and Methods
General. The animals used in these studies were born and raised in our colony at the University of Virginia. (Kirton et al., 1967 Table 2 , while specific differences between group means are indicated in Fig. 2 (reproduction) and Fig. 3 (body growth). There were main effects of photoperiod and social cues on the weight of the seminal vesicle-prostate complex, but no inter¬ action between these 2 variables. There were also main effects of social cues and age on body weight, with interactions between social cues and age and between photoperiod and age. In addition, the body weight response to both photoperiod and social cues paralleled the repro¬ ductive response; short days suppressed whereas presence of a female enhanced body growth. As with sexual maturation in juvenile males, cohabitation with a female partly blocked the inhibitory effects of short days such that animals kept with a female in short days had greater body weights than did those kept alone in short days. These changes in body weight, however, cannot solely account for short-day inhibition and female stimulation of sexual maturation because the data analysis factored-out influences of body weight on the weights of the reproductive tissues (see 'Materials and Methods') . This suggests that body growth and reproductive development are affected independently by photoperiod and social cues. This point is more obvious in other species such as the deer mouse in which photoperiod and social cues have no effect on body growth but do affect reproductive development (Whitsett & Lawton, 1982; Garcia & Whitsett, 1983 Whitsett & Lawton, 1982; Garcia & Whitsett, 1983) . For instance, in female deer mice, cohabitation with an adult male stimulated pubertal development in animals reared in short days (Garcia & Whitsett, 1983) . Moreover, levels of reproductive maturation were comparable between females housed with a male in short days and those housed alone in long days. Garcia & Whitsett (1983) suggested that the presence of a male could compensate for the absence of an inductive photoperiod in regulating pubertal development in female deer mice. In the present study with male musk shrews, we saw a similar sort of 'compen¬ sation' in which the presence of an adult female stimulated sexual maturation to that level achieved in isolated males reared in long days.
The The present results showed that environmental treatment had little or no effect on testicular weight and the number of spermatozoa/testis. This testicular insensitivity to both photoperiod and social cues can be interpreted in light of the fact that the musk shrew is a short-lived opportunistic breeder found in relatively mild climates. Bronson (1985) suggested that, for such an animal, the greatest genetic advantage is to be in a state of readiness when favourable environmental conditions occur. In the adult musk shrew, full spermatogenic activity requires approximately 60 days for completion (Singh, 1983 (Singh, , 1984 (Bronson, 1985) . The present findings, as well as those of Rissman et ai (1990) , showed that juvenile male musk shrews are highly responsive to the presence of an adult female. It is not yet known which specific signals from the female stimulate sexual maturation in the male musk shrew. Females living across a wire mesh barrier from males for 40 days stimulated sexual maturation to the same extent as did full contact between the sexes. Exposure to cage-bedding soiled by adult females had little effect on sexual maturation, while absence of visual contact between male-female pairs reduced the inductive effect of the female (Rissman et ai, 1990) . These results suggest that non-volatile pheromones alone are not sufficient to accelerate sexual maturation, and yet sexual maturation was affected when pairs were separated by a wire screen. There may therefore be some synergistic interactions between pheromones, visual and/or auditory cues.
The relative importance of photoperiodic cues in regulating sexual maturation in the musk shrew have been unclear given the natural history of the animal (see Rissman et ai, 1987 
